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NOTICES

When Government drawings, specifications, or other data are
used for any purpose other than in connection with a definitely
related Government procurement operation, the United States
Government thereby incurs no responsibility nor any obligation
whatsoever, and the fact that the Government may have formulated,
furnished, or in any way supplied the said drawings, specifications,
or other data, is not to be regarded by implication or otherwise as
in any manner licensing the holder or any other person or corporation,
or conveying any rights or permission to manufacture, use, or sell
any patented invention that may in any way be related thereto.
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I. INTRODUCTION

In order to investigate the scattering effects associated with
antennas in the presence of ship structures, the following Fortran IV
computer code was developed for (NOSC) Naval Ocean Systems Center,
San Diego, California. The computer code is used to compute the far zone
scattered fields for antennas radiating in the near zone of structures
made of flat plates. In its present form this code simulates a ship
structure by a set of finite flat plates forming a convex structure for
which the scattering from one flat plate to another is negligible. Using
the present code, one can treat the structure by a single flat plate, a
rectangular box, a rectangular pyramid, etc. This is the first of a gener-
ation of computer codes, and it is limited to the simpler scattering
mechanisms. The final code after a three year study will allow one to
model ship structures by arbitrarily placed finite flat plates and finite
elliptic cylinders. This final model will allow for a simulation of ship

" structures in the presence of UHF and above antennas with all significant
mutual interactions taken into account.

1. The present code is limited to one structure which can be simulated
by as many as 14 plates. This is based on the array dimensions in the
code and not a limitation of the theory. Each plate can consist of 6
corners; however, each corner must lie in a plane or the computer
code will abort. The definition of the plates is made by first setting
up a fixed cartesian coordinate system relative to the structure under

UI investigation. The plates are, then, defined by the location of the
- corners. The antenna location is, also, specified in the same co-

ordinate frame. One should note that the fixed coordinate system should
be chosen such that one can easily define the structure. The program
has the flexibility to handle arbitrary pattern cuts relative to this
coordinate system as is discussed later.

The antenna presently considered in the computer code is simu-
lated by a set of electric or magnetic elemental radiators. There
is a maximum of six such radiators which is limited by the computer
code dimension and not the theory. Each electric or magnetic radiator
has a cosine distribution, arbitrary length, arbitrary magnitude and
phase, and arbitrary orientation. This elemental antenna is considered
initially but can be easily modified in that the code is modular in con-
struction. In this case, the SOURCE subroutines can be easily exchanged
with another antenna pattern subroutine.

The present form of the computer code is not large in terms of com-
puter storage and executes a pattern in short order. The storage is, of 0
course, dependent on the dimensions which might vary; however, the present
code requires approximately 100 K bytes. It will run a pattern cut
of 360 points for a flat plate structure with one antenna in approximately
10 seconds on a CDC-6600 computer.
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The limitations associated with the computer code results from the
basic nature of the analysis. The solution is derived using the

Geometrical Theory of Diffraction (GTD) technique which is a high fre-
quency approach. In terms of the scattering from a finite flat plate,
this means that each plate should have edges at least a wavelength long.
In addition, antenna elements should not get closer than about a wave-
length to any edge. In some cases, the previous wavelength limit can
be reduced to a quarter wavelength.

The plot package necessary to generate the plots that are shown
to illustrate the use of the code is not an integral part of the com-
puter code. This results from the variations in basic plotting routines
from one computer system to another. These variations make it presently
impractical to write a general plot package to be used with the computer
code. However, a polar plot routine is available for use with the
code which in most cases can be easily modified to run on most com-
puter systems.
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TABLE I

BLOCK DIAGRAM OF THE INPUT DATA ORGANIZATION

FOR THE COMPUTER CODE

EXECUTE PROGRAM

RE D:LEBUG, LTEST, LOUT

READ: LSLOPE, LCORR

READ: THC, PHC, THP

READ: IB, IE, IS

READ: FRQG

READ: MPX I

READ: (MEP(MP), MP1l, MPX

DO 5 MP 1, MPX

READ: MSX, LSOR

UO 3 MS1l, MSX

R-pEAD: (XSS(MS,N), N=1,3)

READ: IMS(MS), HS(MS), TH-O(MS), PHO(VS)

READ: WM(MS), WP(MS)
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I I DEFINITION OF INPUT DATA -

As stated earlier, the input data is defined relative to a fixed
cartesian coordinate system which is selected by the user to Rriake the
definition of the structure as simple as possible. In this system,
all linear dimensions are given in terms of inches and all angular
dimensions in degrees. The angular quantities are expressed in terms
of theta and phi, the usual spherical angles, defined relative to
the operator's fixed coordinates.

It is felt that the maximum usefulness of the computer code can
be achieved using it on an interactive computer system. As a con-
sequence, all input data are defined in free format such that the
operator need only put coimmas between the various inputs. This allows
one on an interactive terminal to input data without being concerned
with the fixed field length associated with a fixed format.

The organization of the input data is illustrated in Table 1. Note
that all read statements are made on unit number 5, i.e., READ (5,-),
where the "-" symbol refers to free format. In all the following
discussions associated with logical variables a "T" will imply true,
and an "F" will imply false. The complete words true arid false need
not be input in that most compilers just consider the first character in
determining the state of the logical variable. The following list
defines in detail the function associated with each of the input P
variables:

44
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1. READ: LDEBUG, LTEST, LOUTi4o
a) LDEBUG: This is a loqical variable defined by T or F.

It is used to debug the progran if errors are
suspected within the program. If set true, the
program prints out data on unit #6 associated
with each of its internal operations. These
data can, then, be compared with previous data
which are known to be correct. It is, also, used
to insure initial operation of the code. Only
one pattern angle is considered.
(normally set false)

b) LTEST: This is a loQical variable defined by T or F. :
It is used to test the input/output associated
with each subroutine. The data written out on
unit #6 are associated with the data in the
window of the subroutine. They are written
out each time the subroutine is called. It is,
also, used to insure initial operation of the code. W
Only one pattern an le is considered.
(normally set false;

c) LOUT: This is a logical variable defined by T or F.
It is used to output data on unit #6 associated

* with the main program. It too is used to initially
insure proper operation. It can be used to examine
the various components of the pattern.
(normally set false)

2. READ: LSLOPE, LCORNR

a) LSLOPE: This is a logical variable defined by T or F.
It is used to tell the code whether or not slope
diffraction is desired during the computation.

.- ' (normally set true)

b) LCORNR: This is a logical variable defined by T or F.
It is used to tell the code whether or not

-" corner diffraction is desired during the com-

putation.
(normally set true)

3. READ: THC, PHC, THP

This set of data is associated with the conical pattern desired
during execution of the program. The pattern axis is defined by the
spherical angles (THC, PHC) as illustrated in Figure 1. These angles
define a radial vector direction which points in the direction of the

5



AXIS ABOUT WHICH
CONICAL PATTERN
IS TAKEN

FLAT PLATE THC/

I
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Figure 1. Definition of pattern axis.
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pattern axis of rotation. These angles actually set-up a new coordi-
nate system in relation to the original fixed coordinates. The new
cartesian coordinates defined by the subscript "p" are found by first
rotating about the z-axis the angle PHC and, then, about the y-axis the
angle THC. The pattern is, then, taken in the "p" coordinate system
in terms of spherical angles. The theta angle of the pattern taken
about the zp-axis is defined by THP. The phi angle is defined by the
next read s atement. In the present form the program will, then,
compute any conical pattern in that THP is used as the conical pattern
angle 6bout the zp-axis for the complete pattern calculation.

a) THC, PHC: These are real variables. They are input in
degrees and define the axis of rotation about
which a conical pattern will be computed.

b) THP: This is a real variable. It is input in degrees
and used to define the conical angle about the
axis of rotation for the desired pattern.

4. READ: IB, IE, IS

a) IB, IE, IS: These are integer variables used to define
angles in degrees. They are, respectively, the
beginning, ending, and incremental values of the
phi pattern angle.

As a result of the input given by the two previous read statements,
the operator has completely defined the desired conical pattern to be
computed during execution of the program.

5. READ: FRQG

a) FRQG: This is a real variable which is used to define the A

frequency in gigahertz.

6. READ: MPX

a) MPX: This is an integer variable which defines the maximum
number of plates to be used in the present simulation

of the structure. Presently, 1 _ MPX '. 14.

7. READ: (r1EP(MP), MP=l, MPX)

. a) MEP (MP): This is a dimensioned integer variable. It is
used to define the number of corners (or edges)
on the MPth plate. They are defined on the same
data line with commas between integer values.
Presently, 1 MEP (MP) < 6 with 1 MP _ 14.

7
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8. READ: (X(MP,ME,N), N=1,3)

As stated earlier the locations of the corners of the flat plates
are input in terms of the x, y, z coordinates in the fixed cartesian

coordinate system.

a) X(MP,ME,N): This is a triply dimensioned real variable. It
is used to specify the location of the MEth corner
of the MPth plate in inches. It is input on a
single line with the real numbers being the x,y,z
coordinates of the corner which correspond to
N=1,2,3, respectively, in the array. For example,
the array will contain the following for plate #1
and corner #2 located at x=2., y=4., z=6.:

X(1,2,1) : 2.
X(1,2,2) = 4.
X(1,2,3) = 6.

This data is input as: 2., 4., 6.

Considering the flat plate structure given in Figure 1, the input
data is given by

1., 1., 0. : corner #1 '1
-1., 1., 0. : corner #2
-1., -1., 0. corner #3 plate #1
1., -1., 0. corner #4

Presently: 1 < MP < 14
1 <MET 6
I<N <3

(See Section III for further details on defining the corner points.)

9. READ: MSX, LSOR

a) MSX: This is an integer variable which defines the maximum
number of elemental radiators to be considt'-ed during
execution of the program. Presently, 1 < MSX < 6.

b) LSOR: This is a logical variable which is defined by
T or F. It is used to specify whether or not the
operator wants simply the antenna pattern alone
without the scattering by the plate structure.

8



10. READ: (XSS (MS,N), N=1,3)

a) XSS (MS,N): This is a doubly dimensioned real array which

is used to define the x,y,z location of the
rjSsth elemental radiator in the fixed cartesian
coordinate system. Again, a single line of data
contains the x,y,z (N=1,2,3) locations.
Presently, 1 < MS < 6

1 < N <3

(See Section III for further details on defininq the source point.)

11. READ: IMS(MS), HS (MS), THO (MS), P11O (MS)

a) IMS (MS); This is an inteqer array which is used to define
r whether the MSth source is an electric or magnetic

elemental radiator.
IMS (MS) = 0 = electric
IMS (MS) = 1 magnetic.

b) HS (MS): This is a real array which is used to input the
length of the MSth element in electrical wavelengths.
It is not input in inches.

c) THO (MS), PHO (MS): These are real arrays which are used
to define the orientation of the tSth

element in the fixed cartesian coordinate
system. The THO, PHO angles are in degrees
and define a radial direction which is
parallel to the MSth element current
flow. Again, THO is the theta angle and
PHO is the phi angle in a normal spherical
coordinate system.
Presently, 1 < MS < 6.

12: READ: WM (MS), WP (MS)

a) WM (MS), WP (MS): These are real dimensioned arrays used
to define the excitation associated with
the Sth element. The magnitude is given

by WM and the phase in degrees by WP.
Presently, I < MS < 6.

This concludes the definition of all the input parameters to the
program. The program would, then, run the desired data and output the
results on unit #6. However as with any sophisticated program, the
definition of the input data is not sufficient for one to fully understand
the operation of the code. In order to overcome this difficulty the next
section discusses how the input data are interpreted and used in the
program.

9
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III. INTERPRETATION OF INPUT DATA

This computer code is written to require a miinivmum amount of user
information such that the burden associated with a complex geometry
will be organized internal to the computer code. For example, the
operator need not instruct the code that two plates are attached to
form a convex structure. The code flags this situation by recognizing
that two plates have a common set of corners (i.e., a commnon edge).
So if the operator wishes to attach two plates together he needs only
define the two plates as though they were isolated. However, the
two plates will have two identical corners. All the geometry information
associated with plates with corrion edges is then generated by the code.
As discussed below the computer code has two subtle interpretations
which must be kept in mind while defining the geometry. The first
subtlety is associated with sir ulatinq convex structures in which two
or more plates are used in the computation. This problem results in
that each plate has two sides. If the plates are used to simulate a
closed or semi-closed structure, then possibly only one side of the plate
will be illuminated by the antenna. Consequently, the operator must define
the data in such a way that the code can infer which side of the plate is
illuminated by the antenna. This is accomplished by defining the plate
according to the right-hand rule. As one's fingers of the right hand
follow the edges of the plate around in the order of their definition, his
thumb should point toward the illuminated side of the plate. To illustrate
this constraint associated with data format, let us consider the definition
of a rectangular box. In this case, all the plates of the box must be
specified such that they satisfy the right-hand rule with the thumb
pointing outward as illustrated in Figure 2. If this rule were not
satisfied for a given plate, then the code would assume that the
antenna is within the box as far as the scattering from that plate
is concerned.

The second situation which niust be kept in mind is associated
with antenna elements mounted on a plate. First, a plate-mounted
antenna must be positioned close (approximately 10-6 wavelengths or less)
but not exactly on the plate. If the antenna is positioned exactly on the
plate, the code can not decide which side of the plate the antenna is
mounted on for the calculation. For example, a monopole is mounted on
one side of a plate; yet, the code must recognize which side. This point
will be further discussed in the following section. There is another
point associated with antennas mounted on perfectly conducting structures.
If a plate-mounted monopole is considered -In the computation, then one
should input the equivalent dipole length and not the monopole length.
The program automatically handles the half dipole modes associated with
the monopole. Finally, if a plate-mounted slot antenna is considered in
the computation, the code automatically doubles the radiation due to
the image effect of the perfectly conducting ground plane.

The following section uses a set of sample problems to illustrate
how the operator can realize the versatility of the code and still -

satisfy the few constraints associated with the input data format.

10
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IV. APPLICATION OF CODE TO SEVLVIAL [XAMPLEK

The followifl examr es are used to illustrate tne( various features
of the coriputer code. The results are presenited in terms of polar plots
which can be generated usinq the [)olar plot routine g;iven in Appendix I.
Note that the patterns are plotted in decibels with each division beinq
10 dB. The routine in Appendix I does not riake any reference to a
symbol subroutine, in that they are very ri~uch machine dependent. Thus,
labeling is not included on the plots.

1. Consider the pattern of an electric dipole in the presence of a
finite ground plane as shown in Figure 3. The input data is given by:

F,F,F

T,T

0. ,0. ,90.

0,360,1

10.43

4

0.,6.,6. • corner -1l

O.,-6.,6. " corner t2 Plate I
Plate •1

0.,-6.,-6. : corner P3

0.,6.,-6. corner #4

1,F"

6.75,0.,0.

0,.I,0.,0.

1.,0.

The Eep pattern is plotted in Finure 4. The Er pattern is not
plotted in that it is of neglicible value.

12 '1
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* 2 (0,-6,6) 1I (0, 6,6)

ZP

SHORT DIPOLE
(6.75,0,0) O

Yp y
* op

*3(0,-,-6) 4(0,6,- 6)

Figure 3. Short dipole in presence of a
square ground plane.
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Figure 4. Eep radiation pattern for a short electric dipole located
above a square plate at a frequency of 10.43 GHz.
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2. Consider the pattern of a magnetic dipole in the presence of a
finite ground plane as shown in Fiqure 3. The input data is given by:

FF,F

T,T

0. ,0. ,90.
-. 0,360,1

10.43

1

4

0. ,6. ,6.

0.,-6. ,6.

0.,-6. ,-6.

0.,6.,-6.

1,F

6.75,0. ,0.

1,0.1,0.,0.

1.-,0.

The E~p pattern is plotted in Figure 5. The Eep pattern is not
plotted in that it is of negligible value.
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Figure 5. E~p radiation pattern fc r a short magnetic dipole located -above a square plate at a frequency of 70.43 GHz.
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3. Consider the H-plane pattern of an electric dipole in the
presence of a roof-top type structure as shown in Fiqure 6. The

S-input data is given by:

F,F,F

T,T

90.,0.,90.

0.360,1

- - 4.

m 2 

4,4

6.496,0.,0. : corner #1

6.496,3.34,-3.34 : corner #2- : Plate #1

-6.496,3.34,-3.34 : corner 43

-6.496,0.,0. : corner #4

6.496,0.,0. : corner #1

-6.496,0.,0. : corner #2 Plate #23 -6.496,-3.34,-3.34 Pcorner #3#

6.496,-3.34,-3.34 : corner #4

1 ,F

* 0.,0.,3.3

0,.5,90.,0.

1 .,0.

The Eep polar pattern is plotted in Figure 7. The same pattern
is plotted in rectangular form in Figure 8 where it is compared with
a measured pattern.

L
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X/2 ELECTRIC

/4.

DIPOLE I~

Figure 6. An electric dipole in the presence of a roof-top
type structure used for H-plane pattern calculation.
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7:_1
4. Consider an off-principal plane pattern of an electric dipole

in the presence of a roof-top type structure as shown ir Fiqure 9. The
O input data is given by:

F,F,F

T,T

30. ,0. ,90.

i .0,360,1

4.

2

-I 4,4

6.496,0. ,0.

6.496,3.34,-3.34

-6.496,3.34,-3.34

-6.496,0.,0.

6.496,0. ,0.

-6.496,0. ,0.

-6.496,-3.34,-3.34

* 6.496,-3.34,-3.34 *
1 ,F

0. ,0. ,3.3

0,.5,90. ,0.
- 1. ,0.

The Eop and E, polar patterns are plotted in Figure 10. The

same patterns are plotted in rectanqular form in Figure 11 where they
are compared with measured results.

!0
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X/ 2 ELECTRIC
DIPOLE

30

/ -y

KP

Figure 9. An electric dipole in the presence of a roof-top type
structure used for off-principal plane pattern
calculation.
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Figure 10a. Eep radiation pattern for a X12 electric dipole located
above a roof-top type structure at a frequency of 4 GHz.
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L-J

0a- 20

Li

< 30-

Li

"0 36 72 108 144 180 216 252 288 324 360
,.(DEGREES

MEASURED (a)
-"--GTD IPOLE

H-4.4k W-I.GX 6
;...S a 1.13, .90* x,, a', -

0

Li,- 7J

Li

8 216 252 288 324 360
S(DEGREES)

Wt

Figure 11. Comparison of the measured and calculated radiation pattern
for a) Ee and b) LO polarizations.
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5. Consider a principal plane pattern of an electric dipole in
the presence of a pyramid structure as shown in Fiqure 12. The input -

data is given by:

* F,F,F

*TT

90.,90.,90.

0,360,1

11.81

4 -
3,3,3,3

6. ,0. ,O.

- - 0.,6.,-6.

-6. ,0.,0.

-6. ,0. ,0.

06.0,-.

6.,0. ,0.

0.-6. ,-6.

0.96.,-6.

1 ,F

0. ,0.9,3.

0,0.5,90. ,0. -

The Eop pattern is plotted in Figure 13. The Eep pattern is not
* ~plotted in that it is of negligible value. .1
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Figure 13. Ep radiation pattern for a X/2 electric dipole located
above a pyramid at a frequency of 11.81 GHz.
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6. Consider the pattern of a /4 rionopolp tiounted in the center
of a square ground plane as shown in Figure 14. The input data isI given by:

F,F,F

T,T

90. ,90. ,90.

0,360,1

10.
1

1. 4
6. ,6. ,0.

-6. ,6. ,0.

-6. ,-6.,0.

6. ,-6. ,0.

I,F
-. 0.,0.,I .[-I0

0,.5,0.,0.

The Eop pattern is plotted in Fiqure 15. The Eep pattern is not
plotted in that it is of negligible value.

29
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Figure 14. A X/4 monopole mounted on a
square ground plane.
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Figure 15. Eop radiation pattern of a X/4 electric monopole mounted
in the center of a square plate at a frequency of 10 GHz.
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7. Consider the pattern of a X/2 slot antenna mounted in the centerof a square ground plane as shown in Fiqure 16. The input data is

given by:

F.F,F

T,T

90. ,135. ,90.

0,360,1

10.
1

4

6. ,6. ,0.

-6.,6.,0.

-6. ,-6. ,0.

6.,-6.,0.

1,F

0.,0., l.E-10

1 ,.5,90. ,90.
1. ,0.

The Eep and Efp patterns are plotted in Figure 17. Note this
pattern is taken directly across the corner of the plate; yet, both
patterns are continuous.

32
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1/ 2  SLOT Z

Ypy

Figure 16. A /2 slot mounted on top of
a square ground plane.
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Figure 17a. Eep radiation pattern of X/2 slot antenna mounted on a
square ground plane at a frequency of 10 GHz.
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8. Consider the pattern of a A12 electric dipole located near
a rectangular box as shown in Figure 18. The input data is given by:

F,F,F
Tj,
90.,135.,90.
0,360,1
4.
6F 4,4,4,4,4,4
0.,0.,o.
6.,O.,O.
6. ,6. 0O.
0. ,6. ,O.
0.,6.,0.
6. ,6. ,0.
6. ,6. ,-6.
0. ,6.,-6.
0. ,0. ,-6.
0. ,6. ,-6.
6. ,6. ,-6.
6. ,0. ,-6.
6. 0. ,0.
0. ,0. ,0.
0. ,0.,-6.
6.,0.,-6.
6. ,6. ,0.
6. ,0. ,0.
6. ,0. ,-6.
6. ,6. ,-6.
0. ,0. ,0.
0. ,6. ,0.
0. ,6. ,-6.
0. ,0. ,-6.
1 ,F
-1 .575,-1.575,2.23
0,.5,90. ,-45.

The Eep polar radiation pattern is plotted in Fiqure 19. N~ote
that the Eo p is of negligible value. This same pattern is plotted
inretnua omi Figure 20, where it is compared with a measured
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Figure 19. Ep radiation pattern for a A/2 electric dipole in the
presence of a rectangular box.
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9. Consider the various radiation patterns of an array of A/2
electric dipoles situated 1/4" above a square ground plane as shown
in Figure 21.

a) Input data for 6 element array scanned at broadside:

F,F,F
T,T
-90.,0.,90.
0,360,1
10.
1
4
6. ,6.,0.
-6.,6.,0.
-6. ,-6. ,0.
6. ,-6. ,0.
6,F
0. ,-1.25,0.25
0,0.5,90.,0.
l.,0.
0. ,-.75,.25
0,.5,90.,0.
1.,0.
0. ,-.25,.25
0,.5,90. ,0.
1.,0.
0. ,.25,.25
0,.5,90.,0.
1.,0.
0.,.75,.25
0,.5,90.,0.
1. ,0.
0., .25,.25
0,0.5,90.,0.
1.,0.

The Eop radiation pattern is plotted in Figure 22. Note that the
ground plane has little effect for the broadside case.
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-Figure 21. Six element X/2 dipole array with uniforti amplitude
and phase scanned above a square ground plane.
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1601

Figure 22. Ep radiation pattern for a six element array of A12
electric dipoles situated above a square ground
plane scanned broadside at a frequency of 10 GHz.
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b) Input data for 6 element array scanned '36"~ from broadside:

FtF,F
TT
-90.,0.,90.
0,360,1
10.
1
4
6. ,6.,0.
-6. ,6. ,0.
-6. ,-6. to.
6.,-6.,0.
6,F
0. ,-1.25,0.25
0,0.5,90. ,O.
1.,225.
0.,-.75,.25
0,.5,90. ,0.
1.,135.
0. ,-. 25, .25
0,.5,90. ,0.
1.,45.
0.,25,25

* 0,.5,90.,0.P
1 .,-45.

0.,.75,.25
0,.5,90. ,0.
1. ,-135.
0. ,1.25,.25

- 0,0.5,90. ,0.
1,-225.

The Eep radiation pattern is plotted in Figure 23.
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c) Input data for 6 element array scanned %.72' from, broadside:

F,F,F
Tj,
-90. ,0. ,90.
0,360,1
10.
1 "
4
6.,6.,0.
-6.9,6. ,0.
-6.9-6.%0.

- 6.,-6.,o.

0. ,-1 .25,0.25
0,0.5,90. ,0.
1.,389.71
0. ,-. 75, .25
0,.5,90.,0.
1.,233. 83
0. ,-. 25, .25
0, .5,90.,.0.
1. ,77.94
0.,.25,.25
0,.5,90. ,0.
1. ,-77 .94
0.,.75,.25
0,.5,90.,to.
1.,-233.83
0,1.25,.25

0,0.5,90. ,0.
1. ,-389.71

The Eep radiation pattern is plotted in Figure 24.
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V. PROGRAM OUTPUT

The basic output from the computer code is a line printer listing
of the results. Recall that the results of the program are the Eep
and E~p radiation pattern values. In order to aqain describe these
pattern components, let us consider the first few examples of the
previous section. The computer code allows for a rotation of coordinates
in terms of the pattern calculation. This is input in terms of the
spherical angles TI1C, PHC. Using the geometry of examples *1 and #2 as
given in Figure 3, THC = PHC = 00, such that the pattern coordinates are
aligned with the structural coordinates. Ihus, Ep would be the~normol
theta component of the field (i.e., Eep = p = E e, since 6p = 0
in this case). Likewise, Ecp = "p = * in this case. Note that
I is the total radiated electric field.

Now let us suppose that one defines the same structure as above
using the coordinate system shown in Figure 25. In order to take the
same pattern cut as in the previous case, one must set THC = 900 and
PHC = 1800. Then with THP = 900, one will obtain the same pattern as
given previously; however in this case, the pattern data will be
inverted in terms of the plot as.shown in Fiqure 26. Again, the radiation
pattern is output in terms of [ep and E~p as given by

•L
ep P

E p

where ep and *p are the normal spherical angles in the Xp, yp, Zp co-
- ordinate system.

In order to further understand this concept associated with the
rotated pattern coordinates, the pattern coordinate system (xp, yp, zp)
is illustrated in each of the figures given in the previous example
section.

In that one is not able to deliver standard plot routines from
one computer system to another, our plot package is not included
as an integral part of this computer code. However, a simple polar
plot routine is given in Appendix I which can be used to duplicate
the polar graphs given in the previous section. This plot routine is

* included as part of the code such that one must be mindful of its 0
inclusion. It is possible that the program will not compile if a
"PLOT" subroutine is not available.
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Figure 25. Example of the pattern coordinates using a different
fixed coordinate system for the structure of
Figure 3.
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Figure 26. Illustration of inverted pattern obtained
using geometry of Figure 25.
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APPENDIX I

The following is a listing of a polar plot subroutine which can be
used to generate the polar patterns given in Section IV. Note that
this code refers to two subroutines "PLOTS" and "PLOT" which must be
added by the system or operator. The definitions of these routines
are given in the comments associated with the code.

SURR()!TI NF POLDLT ( ET, RP, I PLT, I PHS, I M
* C!!!

! ! ! IHI S R()UTINFE IF ISF) To PLOT T IF PESU11.T'; I'1 TFER'.S OF A
C! !! POLAR PLOT. TFE CALL TO SUBR{OUTINE "1PLOTS" I !Sr) TO I NITI ALIZE
C! ! ! THE 'LOITFR. TPE CALLS To TwE .,UROUTINF "PLOT" APE USED TO
C! ! i)RA" TiIF )ATA. AS FOILO)V.:
C!!
C!I; CALL PLO}(X,Y,) -;

.,. .. .

C! X,Y=COOV1FIINATES O{F THE NFV PLOT )(}-,T.

2!! N=2 ," I Y)WNl '.'OVI Tr! To T1L '. -' P,1 I T.
"''! I N=3 PE I5 UP .,VIG T{ THI r "F', P01T..
C!! ! N9()9 FrIFFP IUS Er) TO ST0'1?E PLOT TA I S E?' DTI Tr)}.{tEI
C!!!
C I I! N<O I '.'LI ES {}RII d. 1N S i TO} "T 1  ,F.V P0}I IT.
C I I NT>N <0 .'PLIFS O RIGI'1 S-IFT A&-? ,OV(vIN, TO ,E"i ,'IIT.

N>0 If," IN T-T I ,,L T

CO.'JPLE E I P,11

i)A'A PI ItPi ,,,Pf?/. 14159265,,6. ' R[5 ,57 .2957795R/

uo{ IOf IP=O,.36,IPHS

-'=C, BS (PT(I ))
IF(5E'.GT.FMX) EX=E1A

IOI C)'IT 1IJ F
CALL L[()s( F UF, i(0,3)
C~ALL. PLT(4.25,5.), -3)

,* *** POLIA- . GRIT} ***
i){) !Iin I= I,-,-
R(,=P*I/4.

CAJ.L PLO}(.,-?,0. ,
) 1 10 J=(0,360,2

,> X=, C*C(} C ~( {)
I1y,} C#c.I A'(
II0C'I [.,}YC(X., YY,2 ]

)r ! 12 I ,6 ... L1

50

dtl]



"UP1

IF( I PUO O.* 1/, - 0 0 111c

Il CF)N I PIT2 21U2,

* ~ ~ C XX'1CS 12~~ 5

112 =ALLPL(x7)+40 . )0
125 CON' I , I E , Th

IF( I HO.- I 121 1P 2 123'
121 C CALI*T

13 C,('W 1I 125F

pp
* ~ ~~ D2 O+ TJ

Afl'= ~/F51
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